Following ingestion of a mixed-macronutrient meal, blood glucose and triacylglycerol (TAG) concentrations are elevated for approximately 2 and 8 hours, respectively, depending on factors such as the amount and type of food ingested. For many individuals who consume at least three meals per day, the majority of waking hours are thus spent in a postprandial state. Exaggerated postprandial glycaemia and triglyceridemia are associated with cardiovascular and metabolic diseases, and so strategies to alleviate such perturbations are desirable (e.g. exercise and/or diet). An acute bout of endurance, resistance or high-intensity and interval exercise typically mitigates postprandial glucose and TAG responses to subsequent meals. Regular exercise training also facilitates adaptations that beneficially alter postprandial metabolism. The health benefits of various dietary protocols have been debated in research and in the media over recent decades. To complicate matters, these strategies may be beneficial for glucose metabolism but simultaneously impair TAG metabolism or vice versa. Finally, despite the finding that diet and exercise can independently alter postprandial metabolism, there are fewer investigations of their ability to act synergistically to achieve a prophylactic response on postprandial blood glucose and TAG concentrations. This may provide the basis for future public health guidelines and is an important consideration in the context of the current worldwide prevalence of cardiovascular and metabolic diseases.
Introduction
For healthy humans in a fasted resting state, blood glucose is tightly regulated at around 4.6 g or 4-5 mmol/l (Wasserman 2009 ). This is despite a high rate of turnover [around 2 mg/kg/min (Fery et al. 1990 )], with glucose constantly entering and exiting the bloodstream for use by tissues such as brain, muscle and adipose. Following a typical carbohydrate-rich meal (~60-70 g), the ability to maintain this blood glucose concentration is challenged (Frayn 1997) . In healthy humans, postprandial blood glucose typically peaks at 7-8 mmol/l, a rise of only 60% above fasting concentrations (Frayn 1997) , and returns to fasting levels in 1-2 hours (Gonzalez et al. 2013) . This buffering of ingested glucose is achieved primarily by increasing muscle glucose uptake (DeFronzo et al. 1985) and thereby increasing glucose disappearance rates. In addition, the suppression of hepatic glucose output (Craig et al. 1961) decreases endogenous appearance and together these changes offset the rise in exogenous glucose appearance seen when eating, with insulin playing a central regulatory role.
Blood triacylglycerol (TAG) concentrations are also closely controlled, with adipose tissue, skeletal muscle and the liver involved in co-ordinating their release into, and uptake from, the circulation (Frayn et al. 2006) . Unlike glucose, systemic hypertriglyceridemia persists for more than 2 hours after eating (Ruge et al. 2009 ). However, normal meal intake of dietary fat (~20-30 g) leads to smaller perturbations in systemic TAG concentrations, when compared with changes in blood glucose after a typical carbohydrate meal, not usually exceeding 1.0 mmol/l. Nevertheless, there is considerable variation depending on the amount and type of fat consumed, and the carbohydrate and protein content of the meal (as discussed subsequently). Dietary fat enters the systemic circulation as chylomicron TAG and is delivered to tissues (i.e. adipose tissue and skeletal muscle), which express lipoprotein lipase (LPL), a key enzyme involved in the hydrolysis of TAG into its fatty acid and glycerol subcomponents. If a typical mixed-macronutrient meal is ingested, insulin also plays a role, diverting dietary TAG towards storage in adipose tissue by upregulating adipose tissue LPL (rather than to muscle where LPL is downregulated by insulin) and suppressing the mobilisation of adipose tissue-derived fatty acids and release of hepatic TAG. The duration of elevated blood glucose and TAG after eating, and the observation that most people consume 3-4 meals per day with less than 6 hours in-between (de Castro 2004) , means that the majority of waking hours (and some sleeping time) are spent in the postprandial state.
Postprandial blood glucose and TAG are often exaggerated (increased total exposure and/or higher peak concentrations) in the presence of insulin resistance (McQuaid et al. 2011) , which is the primary link between obesity, type 2 diabetes and cardiovascular disease. Moreover, these exaggerations are also strong predictors of future mortality and morbidity. Even in populations defined as healthy (fasting and 2 hour postprandial glucose <6.1 and <7.8 mmol/l, respectively), individuals with higher postprandial glucose levels relative to fasting have a~10-20% increased risk of heart disease or stroke (Ning et al. 2012) . Moreover, each 1 mmol/l increase in postprandial blood TAG concentrations is associated with a >50% increased risk of myocardial infarction, demonstrating a dose-dependent relationship with ischaemic heart disease and mortality (Stensvold et al. 1993; Stampfer et al. 1996; Nordestgaard et al. 2007 ). Strategies to alleviate abnormal postprandial concentrations of glucose and TAG are thus desirable, and are often outcomes of exercise and/or nutritional interventions.
This review will examine the roles of diet and exercise in mediating postprandial glucose and TAG responses. Distinctions will be made between strategies that provide discordant effects on glucose vs. TAG metabolism (i.e. benefit one aspect of metabolism at the expense of another), and those that result in concordant positive effects. By doing so, we aim to highlight the most appropriate strategies for improving metabolic regulation of these substrates, as well as questions that remain to be addressed in this area.
The influence of exercise on postprandial glucose and triacylglycerol metabolism Skeletal muscle plays an important role in regulating the storage and/or oxidation of glucose and TAG during the postprandial period. Insulin plays a central role in this regulation. Thus, it is unsurprising that reductions in peripheral insulin sensitivity leads to abnormalities in glucose and TAG metabolism and is the first detectable defect in the pathogenesis of metabolic diseases, such as type 2 diabetes (Petersen et al. 2007 ). As such, skeletal muscle is often a primary target for interventions aiming to improve postprandial metabolism. Acutely, exercise is a potent stimulus of muscle glucose and TAG uptake due to the increased energy demands of the activity, and adaptations to regular training also benefit postprandial metabolism.
An acute bout of exercise
A bout of endurance-type exercise increases glucose transport into muscle by enhancing insulin-dependent and -independent mechanisms. Muscle contractions stimulate glucose transporters 4 (GLUT-4) translocation to the plasma membrane from intracellular stores (Jessen & Goodyear 2005) . Insulin-stimulated glucose uptake is also elevated for at least 16 hours (Mikines et al. 1988 ) with higher whole-body insulin sensitivity detectable for 3 days post-exercise (King et al. 1995) . The timing of exercise in relation to meals has also received attention. Both in healthy humans and those with type 2 diabetes, the blood glucose response to a single mixed meal is attenuated to a greater extent with post-vs. pre-meal exercise (through increased oxidation of the ingested carbohydrate; Haxhi et al. 2012; Chacko 2016 ). However, caution should be taken when interpreting these findings, especially when considering glycaemic responses to later meals. For example, when exercise is performed after breakfast the glycaemic response to a second (i.e. lunch) meal may be elevated, compared to the same meal after exercise performed in the overnight fasted state (Gonzalez et al. 2013) . This is likely due to higher rates of glucose appearance from exogenous and endogenous sources (Gonzalez 2014) . However, glycaemic elevations to a second meal taken after exercise are likely restricted to ≤4 hours post-exercise (Gonzalez 2014) . Moreover, although exercise timing should be considered, the window over which exercise exerts a glucoregulatory effect spans many meals (~3 days), and thus its effect on the first or even second eating occasion (~6 hours) must be interpreted accordingly. Indeed, exercise is widely acknowledged as a potent and non-pharmacological strategy for increasing muscle insulin sensitivity and improving postprandial glucose control.
An acute bout of exercise also reduces postprandial TAG concentrations. For endurance-type exercise, the energy deficit created is the primary factor determining the extent of any reduction (Peddie et al. 2012) . For example, walking at different intensities but altering duration so that total energy expenditure is similar reduces postprandial TAG levels by a comparable magnitude (Tsetsonis & Hardman 1996) and walking at the same intensity but for twice as long roughly doubles the reduction in postprandial TAG (Gill et al. 2002) . Interestingly, the energy deficit from endurancetype exercise induces larger TAG reductions vs. the same deficit from the diet (Gill & Hardman 2000) . Thus, exercise per se appears to trigger processes that alter TAG metabolism. However, energy deficit is important, as replacement of energy expended abrogates the reduction in TAG after exercise (Burton et al. 2008) . Brisk walking in 3 9 10 minute bouts before breakfast, lunch and dinner attenuates TAG levels over 12 hours to a similar extent as a 30 minute walk before breakfast (Murphy et al. 2000) , also suggesting that energy expended (not the pattern of activity) is most influential for reductions in postprandial TAG levels. Finally, and in contrast to glucose, exercise-induced reductions in postprandial TAG are most profound if performed before, rather than after, the meal. However, this has been shown only in healthy humans and is less apparent if the meal has a moderate vs. high-fat content (Haxhi et al. 2012 ).
The primary proposed mechanism for the exerciseinduced alterations in TAG metabolism is a higher activity of LPL in muscle (Seip et al. 1995) . Although it had been suggested that reduced hepatic very-lowdensity lipoprotein (VLDL) secretion is of importance, it is now increasingly postulated that reductions in postprandial TAG result from higher VLDL clearance. Normally LPL preferentially acts on chylomicrons but VLDL particles become TAG enriched post-exercise, increasing their affinity for LPL-mediated hydrolysis (Ghafouri et al. 2015) . A further mechanism that may explain changes in glucose and TAG metabolism is increased muscle blood flow post-exercise (Hurren et al. 2011) and greater delivery of glucose and lipid to muscle. High-intensity interval (Freese et al. 2011) or resistance exercise (Petitt et al. 2003; Davitt et al. 2013) can also ameliorate postprandial TAG levels. The responsible mechanism seems less related to energy expenditure, with higher intensity muscle contractions stimulating muscle LPL activity to a greater extent than endurance-type exercise and this leads to comparable reductions in TAG at lower energy expenditures (Peddie et al. 2012) .
Regular exercise training
In healthy humans, endurance-type exercise training increases insulin sensitivity allowing postprandial blood glucose to be regulated with lower insulin levels (Oshida et al. 1989; Borghouts & Keizer 2000) . In humans with impaired glucose tolerance, similar training can also improve oral glucose tolerance although this may be dependent on the extent of glucose intolerance at baseline and the protocol used (Borghouts & Keizer 2000) . Resistance (Holten et al. 2004; Ibañez et al. 2005 ) and high-intensity interval training (Babraj et al. 2009; Whyte et al. 2010 ) also enhance peripheral insulin sensitivity and may be viable alternatives to endurance-type training. Mechanisms are multifactorial, including intramuscular alterations in insulin signalling and improvements in skeletal muscle oxidative capacity (Houmard et al. 1999; Bruce & Hawley 2004) . Angiogenic adaptations (Yan et al. 2011 ) may enhance the capacity for glucose and TAG transport to muscle and changes in body composition (e.g. increases in lean muscle mass) can occur which may also contribute to improved glucose control (Guo et al. 2009 ). In contrast to the time-course for alterations in glucose metabolism, reductions in postprandial TAG responses after exercise are lost in~48 hours (Aldred et al. 1995; Hardman 1998 ) and therefore the last bout of activity may be of greatest importance for this outcome.
Enhancing the efficacy of exercise?
Many individuals fail to meet physical activity recommendations, with a lack of time often cited as a barrier (Reichert et al. 2007; Korkiakangas et al. 2009 ). Therefore, whilst exercise volume (exercise duration 9 exercise intensity 9 exercise frequency) is likely the main determinant of the magnitude of improved glycaemic (van Dijk & van Loon 2015) and lipaemic (Gill et al. 2002) responses, strategies to maximise the benefits of any exercise performed are also of interest. If healthy men ingest a hypercaloric fat-rich diet, glucose tolerance and insulin sensitivity increase relative to a non-exercise control group if training is performed after an overnight fast but not when carbohydrate is ingested before/during the exercise (Van Proeyen et al. 2010) . Possible explanations include a higher rate of lipid turnover and intramuscular TAG utilisation with fasted exercise (Enevoldsen et al. 2004; De Bock et al. 2005) , which may lower the likelihood of lipid induced toxicity in muscle (discussed subsequently), and/or the training may result in a greater activation of proteins in muscle involved in carbohydrate and lipid metabolism (Hawley & Burke 2010) . For example, training in the fasted state can increase the protein content of fatty acid transporters in muscle (De Bock et al. 2008 ) and enhance the maximal activity of key oxidative enzymes.
These adaptations may facilitate a greater capacity for muscle lipid uptake and oxidation and thus improve TAG metabolism. Support for the role of muscle membrane fatty acid transporters in this respect comes from the observation that cluster of differentiation 36 (CD36) deficiency is associated with hypertriglyceridemia (Miyaoka et al. 2001) . Moreover, training fasted can increase the capacity to store carbohydrates as muscle glycogen (Van Proeyen et al. 2011) . As defective muscle glycogen storage is thought to result in excess de novo lipogenesis and hepatic TAG secretion (Petersen et al. 2007; Rabøl et al. 2011) , exercise training in a fasted state may improve lipid metabolism (to a greater extent than training in postprandial periods) by increasing the capacity of muscle to take up and oxidise lipids and/or directing dietary carbohydrate away from TAG synthesis into glycogen. However, this has been mainly studied as an ergogenic aid and more work is needed in the context of postprandial metabolism. For example, subsequent energy intake (Hopkins et al. 2011) or non-exercise energy expenditure behaviours may be influenced by pre-exercise feeding, which may also have implications for subsequent postprandial metabolism.
Carbohydrate consumption
The macronutrient that has the greatest direct impact on postprandial blood glucose concentrations is carbohydrate. Carbohydrates are molecular compounds formed from carbon, hydrogen and oxygen that are soluble in or miscible with water. Dietary carbohydrates can be broadly classified according to their degree of polymerisation: monosaccharides (e.g. glucose, galactose and fructose), disaccharides (e.g. maltose, lactose and sucrose) and polysaccharides (e.g. amylose and amylopectin). Unsurprisingly, the total mass of carbohydrate ingested can predict the magnitude of the blood glucose response (Wolever & Bolognesi 1996) . The type of carbohydrate is however important as, for example, the ingestion of 50 g of fructose has been shown to produce 88% lower blood glucose concentrations than 50 g of glucose (Lee & Wolever 1998) . The glycaemic index (GI) classifies carbohydrates based upon their impact on blood glucose concentrations, relative to a standardised dose of glucose (Jenkins et al. 1981) , with some carbohydrates typically recording a lower GI due to, in part, a slow digestion and release of glucose into the bloodstream. Despite some suggestions that a diet with a large proportion of high GI carbohydrates, typically monosaccharides (i.e. simple sugars), may increase type 2 diabetes risk relative to a diet containing more complex carbohydrates (Schulze et al. 2004 ), this association is not always apparent (Meyer et al. 2000) . Indeed, the specific type of carbohydrate (e.g. starch vs. sucrose) is not always a good predictor of the blood glucose response. Despite a shorter chain length, glucose or sucrose do not always produce larger glycaemic responses than carbohydrates with longer chain lengths (Foster-Powell & Miller 1995) . This may be because the mechanisms by which carbohydrates result in a glycaemic response are multifaceted and include not just the molecular composition of the carbohydrate, but also the gross matrix structure of the food, heat treatment, type of monosaccharide bonds and others (Brouns et al. 2005; Gonzalez & Stevenson 2012) .
Interestingly, the exact mechanism by which a carbohydrate results in a given glycaemic response may have implications for TAG metabolism. For example, fructose produces a lower glycaemic response since it is metabolised by the liver and often generates lactate, TAG and glucose before entering the systemic circulation (Chong et al. 2007 ). In contrast, unless sequestered by the liver for glycogenesis, ingested glucose mostly bypasses hepatic metabolism, entering the circulation directly as glucose. As such, fructose co-ingestion with a fat-rich meal can exaggerate postprandial TAG responses compared to glucose co-ingestion (Chong et al. 2007) and is an example of conflicting glucose-TAG responses with a nutritional intervention.
Consumption of a carbohydrate-rich breakfast reduces postprandial glucose excursions to subsequent meals (Astbury et al. 2011; Chowdhury et al. 2015) and has been termed 'the second meal effect' (Hamman & Hirschman 1917; Staub 1921 ). This reduction in postprandial glycaemia can be accompanied by lower insulin levels (Gonzalez et al. 2013; Chowdhury et al. 2015) , suggesting improved insulin sensitivity. Mechanisms relate to delayed gastric emptying (Gentilcore et al. 2006; Ma et al. 2009 ), likely via higher glucagon-like peptide-1 (GLP-1) secretion (Meier et al. 2006) at the second meal. GLP-1 also increases insulin secretion (Vilsbøll et al. 2003) and, with the priming of pancreatic b-cells from prior insulin release, helps to potentiate early phase insulinemia at the second meal (Lee et al. 2011 ). This effect is apparent with high-carbohydrate and high-protein breakfasts (Chen et al. 2010; Gonzalez et al. 2013) but not with high-fat breakfasts, whereby a tendency for an increased glycaemic response to lunch is observed (Frape et al. 1997) . In contrast, TAG ingestion does not display a second meal effect; the postprandial plasma TAG response to lunch has been shown to be greater after a carbohydrate-rich breakfast vs. morning fasting (Allerton et al. 2016) .
The effect of high-carbohydrate diets on postprandial TAG concentrations can be profound, with 3 days of a high-carbohydrate (75% energy), low-fat (10% energy) diet increasing postprandial TAG concentrations by~70% compared to a moderate-carbohydrate (45% energy), moderate-fat (40% energy) diet. These responses are largely due to reduced dietary fat oxidation in muscle and a shift in the fate of lipids in the liver from oxidation to esterification (Roberts et al. 2008) . However, exercise can mitigate the effect of a high-carbohydrate diet on postprandial TAG concentrations (Koutsari et al. 2001) .
The role of fibre
Fibre can be defined as 'carbohydrates that are neither digested nor absorbed in the small intestine and have a degree of polymerisation of three or more monomeric units, plus lignin' (SACN 2015) . Diets with high-fibre contents have been associated with reduced risk of cardiovascular and metabolic diseases (Montonen et al. 2003; Steffen et al. 2003) . For example, humans ingesting 26 g of dietary fibre/day have been reported to have a 22% lower risk of type 2 diabetes vs. those consuming 13 g/day (Meyer et al. 2000) . The co-ingestion of 12 g of fibre with a 50 g oral glucose load has been shown to reduce blood glucose and insulin concentrations vs. glucose alone (Jenkins et al. 1978 ) and the addition of fibre (4-10 g) to a mixed test meal can induce moderate reductions in postprandial TAG (Lopez-Miranda et al. 2007) . The type of fibre may be important, with soluble fibre delaying gastric emptying thus lowering postprandial blood glucose and insulin concentrations to a greater extent than insoluble fibre (Jenkins et al. 1978) . However, associations between the soluble fibre content of the diet and risk of type 2 diabetes are not always evident. Insoluble fibre may act differently by increasing the rate of passage of food through the gastrointestinal tract (and decreasing absorption), and/or enhancing peripheral insulin sensitivity and glucose disposal perhaps via higher incretin hormone secretion (Weickert et al. 2005) . Fibre ingestion also leads to increased production of short-chain fatty acids such as butyrate, via its fermentation in the gut, and these can also increase insulin sensitivity (Gao et al. 2009 ). Finally, fibre ingestion is linked to increased satiety and may decrease energy intake (Tucker & Thomas 2009 ), thus acting to indirectly lower postprandial glucose and TAG excursions via this pathway.
Overall, the consumption of carbohydrate acutely increases plasma glucose concentrations but typically results in a lower postprandial glycaemia with subsequent meals. TAG responses can be exacerbated with prior carbohydrate ingestion, but the type of carbohydrate (i.e. sugar vs. fibre) is important in determining whether the effects of carbohydrate ingestion on glucose and lipid metabolism are concordant or discordant.
Fat consumption
The majority of fat consumed in a typical diet is sourced from TAG (~95%). The fatty acids within a TAG molecule can be classified as either saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) or polyunsaturated fatty acids (PUFA) (depending on chain length and number/position of double bonds between the carbon and hydrocarbon chains). The total amount of dietary fat consumed in a meal is related to the magnitude of the postprandial TAG response (Dubois et al. 1998) . One strategy to reduce postprandial TAG levels is thus to consume smaller amounts of fat at each meal but some carbohydrates (a likely energy replacement) can increase postprandial TAG levels, as outlined previously (Jeppesen et al. 1995) . An alternative strategy is to increase meal frequency, apportioning dietary fat into smaller amounts at each meal. Whilst a similar strategy for carbohydrates may result in day-long reductions in glucose and insulin levels, the same may not be true for TAG as concentrations often do not return to fasting levels between meals (Heden et al. 2013) .
The type of fat consumed is important, with shortand medium-chain fatty acids (<12 carbon atoms) entering the circulation via the portal route rather than by incorporation into chylomicrons in the thoracic duct (Lopez-Miranda et al. 2007) , thus typically eliciting a lower postprandial TAG response. There is some suggestion that a meal with a high PUFA content may lead to a lower postprandial TAG response, due to increased clearance and activation of LPL (Kahn et al. 2002; Lopez-Miranda et al. 2007 ). However, research in this area is difficult to interpret due to differences in total fat content, fat type and overall meal composition between studies (Lopez-Miranda et al. 2007) . The type of fat in a high-fat meal can also interact with exercise to influence postprandial TAG (Sasahara et al. 2012) , demonstrating that combined diet-exercise interventions can optimise postprandial metabolism even in individuals with a low risk of cardiovascular diseases.
The addition of fat to a carbohydrate-rich meal can have differing effects on glycaemia depending on how the meal is administered. There is evidence of reduced postprandial glucose levels if a 40 g fat bolus is ingested with a 50 g glucose load vs. the same 50 g glucose load in isolation (Estrich et al. 1967) . Delayed gastric emptying of glucose with fat co-ingestion and, therefore, a slower rate of exogenous glucose appearance may explain this observation (Collier & O'Dea 1983; Collier et al. 1984) . Conversely, studies providing more commonly consumed mixed-macronutrient meals (i.e. rice and chicken) have shown that a highfat (55 g), high-carbohydrate (68 g) meal increases the amount of insulin required to maintain similar postprandial glycaemia, relative to a low-fat (5 g), highcarbohydrate meal (68 g) with similar food items . This is suggestive of increased insulin resistance, likely due to increased substrate competition (TAG vs. glucose) for uptake into the muscle and thus decreased rates of glucose clearance. Therefore, the addition of fat to a carbohydraterich meal may have differing effects on glycaemia, depending on many factors such as the type of food in the meal, food structure and the addition of protein, which will interact to determine the rate of appearance and/or clearance of glucose from the blood.
More long-term, a low-carbohydrate, high-fat (65-70% energy from fat) diet can increase skeletal muscle capacity for lipid oxidation (Burke & Hawley 2002) . Nonetheless, a high-fat diet may impair some aspects of metabolic health, including insulin sensitivity (Bachmann et al. 2001) . Although low-carbohydrate high-fat diets increase the capacity for lipid oxidation, this can occur at a rate slower than the transport into muscle causing ectopic storage and (especially in untrained humans) facilitating insulin resistance (Goodpaster et al. 2001) . This is because some lipid entering the muscle is only partly degraded (Koves et al. 2008) , causing toxic lipid by-products to accumulate and interfere with insulin signalling (Moro et al. 2008) . Similar alterations are observed after prolonged water-only fasting (~72 hours), where the lipid content of skeletal muscle is increased~twofold and is accompanied by mitochondrial dysfunction and a reduced capacity for lipid oxidation (Frank et al. 2013) . This is thought to interfere with muscle insulin signalling, resulting in an impairment of glucose tolerance (Stannard et al. 2002; Vendelbo et al. 2012 ). There has been little investigation of the effect of a low-carbohydrate high-fat diet on postprandial TAG concentrations. However, it may facilitate lower fasting TAG, a strong predictor of the postprandial response, even in the absence of weight loss (Krauss et al. 2006) . This is another example of where exercise may mediate effects of nutritional interventions. Indeed, a bout of high-intensity endurance-type exercise can attenuate the insulin resistance induced by fasting (Frank et al. 2013) . Possible mechanisms include the removal of toxic lipid metabolites and/or a reduction in muscle glycogen (via increased energy turnover), as well as the increased activation of proteins implicated in glucose and TAG metabolism in muscle (Frank et al. 2013) . This again highlights the importance of energy flux in regulating postprandial metabolism.
Co-ingestion of protein
Certain amino acids are insulinotropic (van Loon et al. 2000) , potentially acting directly on pancreatic b-cells but also via incretin signalling in the gut (Matthews & Boland 1997; Ullrich et al. 2016) . Higher insulin concentrations when insulinotropic proteins (e.g. whey) are co-ingested with carbohydrates is thus one reason for the reduction in postprandial glycaemia in people both with (Manders et al. 2005) and without (Allerton et al. 2016 ) type 2 diabetes, and this appears to be partly attributable to greater glucose clearance (Manders et al. 2005) . The lower postprandial blood glucose with 30 g intact protein (gelatin) co-ingestion may also be attributable to delayed gastric emptying (Karamanlis et al. 2007 ). The role of protein co-ingestion with a high-fat meal on TAG metabolism is less clear, and may differ depending on protein type. For example, whey protein can reduce postprandial lipaemia to a greater extent than cod or gluten protein (Mortensen et al. 2009; Holmer-Jensen et al. 2013) . This may be due to greater insulinemia with whey proteins, which would increase LPL activity in adipose tissue (Lithell et al. 1978) and suppress hepatic VLDL production to a greater extent. Other benefits of a high-protein diet include its satiating effect, which may lead to decreased carbohydrate and fat intake (Paddon-Jones et al. 2008 ).
Conclusions and future directions
Diet and exercise play important roles in modulating postprandial metabolism, but sometimes changes induced by interventions have conflicting effects on glucose and TAG regulation. Indeed, ingestion of dietary carbohydrates and fat (at a single meal or as part of a high-carbohydrate and/or high-fat dietary pattern) can have divergent effects on postprandial glucose and TAG excursions by promoting or inhibiting the appearance or clearance of one substrate over the other. However, these responses are dependent on many factors, including the quantity and type of each macronutrient ingested, meal timing in relation to bouts of physical activity, and the habitual physical activity level of the individual. Strategies that have concordant positive effects on postprandial glucose and TAG metabolism include exercise and the co-ingestion of insulinotropic proteins or dietary fibre.
Future research should aim to gain further understanding of exercise-nutrition interactions, such as peri-exercise carbohydrate availability which may help to refine interventions and future public health guidelines. Furthermore, the extent to which the same guidelines can be applied to lean and obese individuals (where differences in metabolism and fuel utilisation at rest/during exercise are apparent) warrants further investigation. Finally, the role of energy balance (energy deficit/surplus) in mediating alterations induced by interventions should continue to be recognised and promoted together with investigations into the impact of acute changes in diet and/or activity status on subsequent energy intake and/or expenditure.
